Twenty-nine patients with primary hyperparathyroidism underwent double-tracer subtraction scanning after injection of 201TI as thallous chloride for thyroid and parathyroid images followed by 99mtechnetium as sodium pertechnetate for thyroid images prior to surgical exploration of the neck. The operative findings were correlated with the scans. All 23 adenomas (100%) and 13 of 18 (72%) hyperplastic glands were correctly localized. The ability of the scan to identify abnormal parathyroids was determined by the gland mass rather than whether the tissue was adenomatous or hyperplastic as all 32 (100%) abnormal glands weighing more than 180 mg were successfully localized in contrast to four of nine (44%) glands weighing less than 180 mg.
Summary
Twenty-nine patients with primary hyperparathyroidism underwent double-tracer subtraction scanning after injection of 201TI as thallous chloride for thyroid and parathyroid images followed by 99mtechnetium as sodium pertechnetate for thyroid images prior to surgical exploration of the neck. The operative findings were correlated with the scans. All 23 adenomas (100%) and 13 of 18 (72%) hyperplastic glands were correctly localized. The ability of the scan to identify abnormal parathyroids was determined by the gland mass rather than whether the tissue was adenomatous or hyperplastic as all 32 (100%) abnormal glands weighing more than 180 mg were successfully localized in contrast to four of nine (44%) glands weighing less than 180 mg.
An additional technique, in which emission tomography was carried out after subtraction scintigraphy, was used on 11 patients in the series. In all 11, the site of a single abnormal gland was predicted by the conventional subtraction scan: in nine of these patients, emission tomography provided additional localization of the gland in the anteroposterior plane.
Introduction
With the advent of multichannel autoanalysers for the routine measurement of serum calcium, primary hyperparathyroidism is no longer a rare diagnosis and an increasing number of patients are now offered parathyroidectomy", Although an experienced surgeon may expect to detect 95% of abnormal glands at an initial neck explorations, the identification of parathyroid tissue at the time of surgery may be difficult, especially if there are ectopic or supernumerary glands, or in asymptomatic patients when abnormal glands are often small".
In an attempt to identify parathyroid tissue before surgery, a number of localizing techniques have been advocated. Some, such as neck massage'', barium swallow" and thermography" did not fulfil their early potential and have been abandoned. Arteriography? and selective venous sampling for parathyroid hormone levels" are invasive, time-consuming and expensive; they are usually reserved for patients undergoing re-exploration. Ultrasound'' and computed tomographylO have the advantages of being rapid and safe, but suffer from a relatively high incidence of false positive and false negative results. Recently developed procedures such as magnetic resonance imaging ll , aspiration CytOlogy12 and digital vascular imaging 13 are still in the process of evaluation.
The last 25 years have witnessed a search for a reliable method of preoperative radionuclide imaging in the hope of finding a convenient, reliable and noninvasive method of parathyroid localization. Agents including selenomethionine (75Se)14, gallium citrate (67Ga)15 and caesium chloride (l 31 CS)16 were tested but as these isotopes are taken up by thyroid as well as parathyroid tissue, the images obtained were often of poor quality. This drawback may have been overcome by the use of a dual isotope radionuclide technique: one agent being concentrated by both thyroid and parathyroid glands (thallium) and the other solely by thyroid tissue. The image of the thyroid gland is computer subtracted from the thallium image; any activity seen being postulated to represent the site of abnormal parathyroid tissue. Others have reported a success rate of over 90% in the localization of adenomas by this technique but in general, the test has proved less reliable in the identification of hyperplastic glands 17-19.
A major drawback to subtraction scintigraphy has been the inability to image the site of any focus in a third dimension, making it difficult to provide an assessment of the depth of the abnormal gland in the neck 20. Some have advocated the use of oblique views to improve the image of the posterior surface of the thyroid'". We have developed a technique for emission tomography in addition to planar scintigraphy, in an attempt to provide a representation of the precise situation of abnormal parathyroid tissue in three dimensions.
Patients and methods
Twenty-nine patients with a biochemical diagnosis of primary hyperparathyroidism underwent thalliumtechnetium subtraction scintigraphy prior to surgical exploration of the neck. The condition was diagnosed on the criteria of fasting hypercalcaemia, in the presence of an inappropriately high concentration of immunoreactive parathormone and decreased renal reabsorption of phosphate after correction for glomerular filtration rate. One patient had persistent hyperparathyroidism having' undergone previous neck surgery at which time three hyperplastic glands had been removed. No patient had received recent contrast media or thyroid blocking medication.
The use of a tomographic 'Y-camerawith an on-line computer facility enabled double tracer scintigrams to be obtained using 201TI as thallous chloride for thyroid and parathyroid images and 99Tc as sodium pertechnetate for thyroid images. The patient lay on a couch with the head supported in a slightly extended position. 74MBq 201TI was given intravenously, earlier studies using 55MBq 201TI having provided inferior counts, and data acquisition started immediately following injection. Three or four images were obtained in 5-min frames, followed by the injection 0141·0768190/ 070427-031$02.00/0 © 1990 The Royal Society of Medicine paraffin-fixed histological examination was carried out on all tissues by one pathologist (CLB). of 74MBq 99Tc. Imaging continued in 5-min frames for a further 20 min. Optimum subtraction of the technetium thyroid image from the thallium image was then carried out and the findings presented by the computer display ( Figure 1 ).
Emission tomography was carried out immediately after the standard dual isotope scan in 11 of these patients. Images were obtained sequentially in 64 positions as the 'Y-camera rotated around the long-axis of the patient. At each camera position, information from thallium and technetium energy windows was acquired simultaneously for 20 sand stored separately on the computer. The data from both energy windows was then processed by standard filtered back-projection methods and corrected for attenuation of X and 'Y-rays in body tissue. This resulted in two sets of equivalent transaxial slices representing the simultaneous distribution of thallium and technetium in the neck, which were then subtracted in a similar way to the planar images ( Figure 2) .
A standard cervical exploration was performed in all cases by one surgeon (AWG) with the aim of identifying all normal and abnormal parathyroid tissue with excision of the latter. Frozen-section and 
Results
In 28 patients a positive preoperative scan indicating the presence of abnormal parathyroid tissue was followed by a successful surgical exploration with return of the serum calcium to normal. One patient had persistent postoperative hypercalcaemia.
Twenty-one patients were found to have a solitary parathyroid adenoma and one patient had two adenomas. All 23 adenomas removed at operation were correctly identified by the scan. The mean weight of adenoma removed was 1500 mg (range 120-7600 mg), Five patients had multigland hyperplasia and the patient undergoing reoperation a single remaining hyperplastic gland: 13 of 18 (70%) hyperplastic glands removed were correctly localized by the preoperative scan. The mean weight of the excised hyperplastic glands predicted by the scan was 410 mg (range 50-1800 mg) whereas glands not preoperatively localized had a mean weight of 110 mg (range 70-180 mg).
All 32 abnormal glands removed at surgery that weighed more than 180 mg were located in the scan, in contrast to only four of nine (55%) that weighed less than 180 mg. The sensitivity and specificity of subtraction scintigraphy is shown in Table 1 .
Ten of the patients who underwent tomography following thallium-technetium scintigraphy were found to have a single adenoma. In all 10 the site of the abnormal gland was predicted by the conventional scan; in eight the position of the abnormal gland was localized in the anteroposterior plane. The single hyperplastic gland in the patient with persistent hyperparathyroidism was also detected by the tomographic scan.
In our unit, the time taken to remove abnormal parathyroid glands has decreased since scintigraphy became a standard investigation in patients requiring parathyroid exploration. In the 12-month period immediately before scans became available, the mean time taken to find and remove the first abnormal gland at the time of surgery was 48 min (range 22-59 min). However, in the last 2 years the mean time in patients undergoing successful surgery has fallen to 27 min (range 8-51 min) -a decrease of 44%. All operations were performed by the same surgeon (AWG). 
Discussion
Some experienced endocrine surgeons, expecting to identify at least 90% of abnormal parathyroid glands at a routine operation feel that localization is unnecessary before an initial exploration and would reserve investigation for patients with persistent or relapsed hyperparathyroidism-", There is an understandable reluctance to subject all patients to costly and potentially hazardous venous sampling or arteriography that would seemingly only benefit very few. However, overlooked adenomas are the major cause of failure of surgery for hyperparathyroidism; re-explorations are less likely to be successful and carry a greater morbidity than first-time operations.
We have found the combined thallium-technetium method of imaging in patients undergoing initial neck exploration to be accurate for the localization of adenomas. We also believe the results in potentially difficult second-look operations will be improved if based on a wide experience of straight-forward cases.
Scintigraphy has proved of benefit both to the surgeon and the patient by reducing unnecessary dissection, resulting in a substantial decrease in operating time, which may justify its routine use prior to surgery in the increasingly elderly population now offered parathyroidectomy'". We still attempt to identify all parathyroid glands at the time of surgery; as many as 20% of patients with primary hyperparathyroidism will either have hyperplasia or multiple adenomas. However, the introduction of subtraction scans has led to a change in the surgical technique as any obvious abnormal area shown by the scan is the first to be explored.
The use of both planar and tomographic scanning techniques requires the patient to stay very still for a relatively long time; in practice most are able to lie, with the neck supported and slightly extended, for the 45 min necessary for planar image acquisition and the extra 30 min needed for complete examination. Cobalt skin markers have been used successfully in other centres to correct for patient movement but we have not found them necessary'".
The present difficulty in preoperative parathyroid localization is the detection of small hyperplastic glands for which there is little difference between ultrasound, computed tomography and conventional subtraction scinttgraphy'". Whilst our initial results with emission tomography suggests that it may provide a reliable image of adenomas in a third plane, we only have limited experience of the technique in patients with multigland hyperplasia. However, tomography has the potential to differentiate between two glands that lie close together, or an image of two superimposed glands that otherwise have been thought to represent a single adenoma. Scintigraphic emission tomography may therefore prove to be useful in the identification of ectopic, supernumerary or small hyperplastic glands as an aid to the easier detection of abnormal parathyroid tissue at surgery.
